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NVIDIA Accelerator S ation Comparison

FP32 CUDA Cores
Tensor Cores

Boost Clock

Memory Clock
Memory Bus Width
Memory Bandwidth
VRAM

FP32 Vector

FP64 Vector

INT8 Tensor
FP16 Tensor
TF32 Tensor
FP64 Tensor

Interconnect

GPU

Transistor Count

TDP

Manufacturing Process

Interface

Architecture

16896
528

~1.78GHz
(Not Finalized)

4.8Gbps HBM3
5120-bit
3TBI/sec
80GB
60 TFLOPS

30 TFLOPS

2000 TOPS
1000 TFLOPS
500 TFLOPS

60 TFLOPS

NVLink 4
18 Links (900GB/sec)

GH100
(814mm2)

808
700W
TSMC 4N
SXM5

Hopper

6912
432

1.41GHz

3.2Gbps HBM2e
5120-bit
2TBIsec
80GB
19.5 TFLOPS

9.7 TFLOPS
(/2 FP32 rate)

624 TOPS
312 TFLOPS
156 TFLOPS
19.5 TFLOPS

NVLink 3
12 Links (600GB/sec)

GA100
(826mm2)

54.28B

400W
TSMC 7N

SXM4

Ampere

5120
640

1.53GHz

1.75Gbps HBM2
4096-bit
900GB/sec
16GB/32GB
15.7 TFLOPS

7.8 TFLOPS
(1/2 FP32 rate)

N/A

125 TFLOPS
N/A
N/A

NVLink 2
6 Links (300GB/sec)

GV100
(815mm2)

21.18
300W/350W
TSMC 12nm FFN
SXM2/SXM3

Volta
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":25670208.962, "pid 5 ":872.918,"self":872.918, "nam
25669835.693, "pid 5 ":357.859,"self":357.859, "name"
":25669796.583,"pid 3 . :1298.547,"self":56.76, " name": "¢

":25669354. "pi :33.29,"self":33.29, "name": "c
*:25662320.281,"pi 5387, "dur":7628.143, "self 828.143, "name
":125659004.778,"pid" :55387, "dur" :3311.583, "self":3311.583, "name" :
":25658980.618, "pi 5387, "dur":10415.476, "self" :42.46, "nam
:25658852.969, "pi 387, "dur”:12.22,"self":12.22, " name" ;"
*:25657553.752,"pid":55387, "dur" :1298.507, “self":1298.507, "name
":25657003.663, "pi 387, "dur” :548.659,"self":548.659, "name"
":25656792.374," 387, "dur" :2074.415, "self":215.029, "name
":125656275.165," 387, "dur”:19.4,"self":19.4, " name™: "¢ \
125653120.612," 387, "dun’:3153.263."self":3153.263, "name
125651678.876," 387, "dur":1439.386, {self 439.386, "name
125651615.756, 387, "dur*:4694-489;"self" :82.36, "name":
":25650977.0838," 387, "dur":64,239, "self":64.239, "name": "
":25629681.178," 387,"dur? :21278.21,"5el1f":21278.21, " name" :
":25619337. "pid":55387,"dur?:10331.276, 'self":18331.276, "name": "¢
:125619254. 55387, "dur":31807.604, "self":133.279,"name" : "cn
3 SRS
3
3
3
3
3
3
3

":25619238. 87,"dur”:0.13,"self":0.13, "name"
":25619238. 7, "dur”:
":25619238.243," 7, dur":
":25619238.013," 7, "dur”:
:25619237.783, 87, "dur”:
":25619236.733, 87,"dur":0.7,"self":0.7, "name"”
5619233.263, 87, "dur":0.37,"self .37, "name
*:125619158.213," z 87, "dur":74.75,"self":74.75, "name" :
*:25619151.193,"pi :0.75,"self":0.75, "name"
*:125617126.328,"pi 2 92.939,"self":192.939,
125617125.958,"pid"”: :0.13,"self":0.13, "name” :
:25617125.088,"pi :0.39,"self":0.39, " name" :
*:25617124.258,"pi . .4,"self":0.4, " name"
*:25616768.599,"pid": :184.569,"self":184.569, "name
":25616768.229,"pi 5 S ":0.13,"self":0.13, "name”
*:125616767.449,"pi % ":0.3,"self":0.3, "name"
":125616766.669,"pid":55387,"dur":0.37,"self":0.37, "name" :
":25616482.129,"pi 5387, "dur":213.63,"self":213.63, "name":
*:25616481.659, "pi & ":0.14,"self":0.14, "name”

13,"self":0.13,"name™ :
12,"self":0.12,"name":
14,"self":0.14, "name™

0.
0.
0.
9.14,"self":0.14, "name" :
0.
0.

*:25616480.379,"pi S 7 ":0.43,"self":0.43, " "name":
*:25616479. 3 ":0.64,"self":0.64, "name": 0

:25615446. % :391.209,"self":391.209, "name"
":125615442. i s 2 name" :
*:125615435. 2 T = e T "name" :
":25615433. 5 @ ":0.54," ":0. "name”
*:25613523.526, "pid & e 1 * i L "name”
:25613523.266, "pid

o 4
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TIOBE Programming Community Index

Source: v tiobe.com
Saturday, bun 30, 2001
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Change Programming Language i Change

Year Winner
1 1 [ Python 23.85% +8.22%
2024 2 Python
2 3 -~ C++ 11.08% +0.37%
@ 2023 fce
3 4 A Java 10.36% =1.41% 2022 B Ces
4 2 v @ c 9.53% 1.64% 2021 7 Python
5 5 @ c# 4.87% 267% 2020 7 Python
(1]
] ] Js JavaScript 3.46% +0.08% 2019 “C
2 Pyth
7 8 ~ -60 Go 2.78% +1.22% 2018 « Fyfhon
2017 2c
3 7 v saL 257% +0.65%
2016 & Go
9 10 -~ Visual Basic 2.52% +1.09%

2015 & Java

Delphi/Object Pascal 215% +0.94% " .
2014 i JavaScript

Fortran 1.70% +0.48% 2013 & Transact-30QL

Scratch 1.66% +0.21% 2012 T Objective-C

Rust 123% +0.20% 2010 & Python

2009 £ Go
MATLAB 0.98% -0.26%

2008 f8c
R 0.94% +0.13%

2007 2 Python

=
«

Aszembly language 0.87% -0.52%
2006  Ruby

Ada 0.85% +0.10% -
2005 = Java

Kotlin 0.85% -0.11% 2004 % PHP

o
Q
(F)
13 12 v . PHP 1.48% +0.16% 2011 & Objective-C

®
D
R
@
Ada
()
-

COBOL 0.84% +0.01% 2003 f Ces
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Very Long Term History

To see the bigger picture, please find below the positions of the top 10 programming languages of many years back. Please note that these are average positions for a period

of 12 months.

Programming Language 2025 2020 2015 2010 2005 2000 1995 1990 1985
Python 1 2 7 ¥ Fi 24 23 = =
C++ 2 4 4 4 3 2 1 2 13
c 3 2 1 2 1 1 2 1 1
Java 4 1 2 1 2 3 - - -
C# 5 5 5 i] 9 10 - - -
JavaScript & T H 9 10 T - - -
Go T 15 36 184 = = = = =
Visual Basic 2 13 234 - - - - - -
S0L 9 9 - - 100 - - - -
Fortran 10 30 Y| 24 15 18 5 3 12
PHP 13 8 6 3 5 27 - - -
Ada 24 36 30 27 16 17 T i} 3
Lisp 27 31 19 16 14 9 6 5 2
Objective-C 34 10 3 21 39 - - - -

(Visual) Basic - - 100 5 4 4 3 T 4
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OHigh Level Lang (C, C++, Java, etc.)
v Statements i supint v0. im0
 Variables i,
v Operators |

v’ Methods, functions, procedures >

OAssembly Language fosery

program add %2, %4,%2

‘/ . (for MIPS) Tw 315, 0(%2)
Instructions el Aes)
swo 316, 0(3%2)
sw o 315, 4(%2)

v Registers ir s
v'"Memory

Binary machine  00000000101000010000000000011000

language 00000000000110000001100000100001
program 10001100011000100000000000000000
(for MIPS) 10001100111100100000000000000100

101011001 11100100000000000000000

101011000771000100000000000000100
0000001 T L11000000000000000001000
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Program Development Process

C Fil C Fil Asm. .
'e eJ Fie J O Implementation Phase
. Editor
Blnary Binary BinryJ ¢ Comp”el’S
File File File _ Cross Compiler
* Runson one

{ /
Exec. $@
« Assemblers

File

-

.Debugg processor, but
M | ’ generates code for
C D another

Verification Phase o Linkers
O Verification Phase

« Debuggers
» Profilers

Implementation Phase




xS EEN

100
bytes

 _/ foo.o

Data Section @ 00F0
Code Section @ 00F4
data DATA OFFSET 0
resuit DATA OFFSET 4
square CODE ?

main CODE OFFSET 0

00 00 00 11 (data)

00 00 00 00 (result)
machine code for
main () (w/refs to
symbol table)

00 00 00 00 (final)

machine code for
square () (w/refs to

0020

o« M

002C

Data Section @ 0020
Code Section ® 002C

00 00 00 11 (data)
00 00 00 00 (result)
00 00 00 00 (final)

machine code for
main () w/refs only
Lo sections

...............

FRABZLL*X S
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Offset o

Top of Stack —e

Top of Heap —
8 bytes {

50 bytes {

Reserved for
Interrupt Vectors

Reserved for
Stack

}
|

Reserved for Heap

DATA

Unused

CODE

——

I

Il

Memory

Mapped
110

ROM
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OGCC=—/CHi¥za"?
H SEGCC = GNU Compiler Collection
OH7AI, GCCRIZHZMESRIES, W
vC, C++
v ADA
v Object C
v JAVA

v'Fortran
v PASCAL




GCCTHILE

Ocpp — TD"'&JEE%%
GNU CHIFzsERmIEZRI B oN{ER cppXtH R
2 1F1 JTﬁifEi

Ogcc — FEISOFIMERCHIFES
Og++ — A AXFEISOFRERCHImIEss
Ogcj — GCCHYjavangiim

Ognat — GCCHRYGNU ADA 95Hi i




GNU Tools—gcc

OgccR—MEAMTA%A, BEET ML
R, RIEHE, LA, HHERZEM, ©

PP W |

NS P 0 2SRRI B A geoi S HORE T

gcciBF B AR HIRLLLR £

ONTREE, BROMEES02%H, Tl
% =S EITHATIER, KB

ARG HT AR RS

gcc --help
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File Edit Options Buffers Tools C Cscope Help

Sitestsse .o
ginclude <stdio.h>

int maini )

int i,i;

1=0;

J=0;

1=]+1;

printf{"Hello SSE");
orintf( " i=j+l=%dhnt 1) ;
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geclEMIRG (2) GmEmMisy 2 (O TEAZAAxS

[root@stc-38fadca/df dir]# Is

testsse.c

[root@stc-38fadca/df dir]# gcc -0 testisse testsse.c

[root@stc-38fadca/df dir]# Is -
testsse.c

[root@stc-38fadca/df dir]# ./testsse -

Hello SSEi=j+1=1

[root@stc-38fadcaldf dir]# I
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Science an d Technolo gy of C

O 4R {F -E%%'&
M SRR “.cpp”

gcc —E —o gcctest.cpp gcctest.c

I:Iﬁ Wcﬁi/v\ttiﬁzﬁﬁifﬂzﬁﬁlﬁ’ﬂ_ X,

;;




[root@stc-38fadcardf dir]# gcec -E -0 testsse.cpp testsse.c

[root@stc-38fadcarsdf dir]# |s
testsse.c testsse.cpp

[root@istc-38fadcarsdf dir]#(wec /testsse.c testisse.cpp

1781 BiAd F 1

File Edit Options Buffers

ﬁ 134 "Jusrsincludesbits types.h" 3 4
# 1 "Jusr/includesbitsstypesizes.h" 1 3 4
# 135 "Jusr/sincludesbits/types.h" 2 3 4

13 15 131 testsse.c
943 2128 18053 tesisse.cpp
956 2143 18184 &1t

File Edit Options Buffers Tools C

SAtestsse .o
#include <stdio.h>

imt mainl)

int 1,];

1=0;

J=0;

i=3+1;

printf{"Hello SSE");
printf("i=j+i=%dwn",1);

extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef
extension__ typedef

extension__ typedef
extension__ typedef
extension__ typedef

__u_guad_t __dewv_t;
unsigned 1nt __uld_t;
unsigned int __gid_t;
unsigned long int __1no_t;
__u_guad_t __inobd_t;
unsigned int __mode_t;
unsigrned 1nt __nlink_t;
long int __off_t;

__guad_t __offed_t;

int __pid_t;

struct £ int __wallZ]; 3 __fsid_t;
long 1nt __clock_t;
unsigned long int __rlim_t;
__u_guad_t __rlimB4_t;
unsigned int __id_t;

long 1nt __time_t;

unsigned int __useconds_t;
long int __suseconds_t;

long 1nt __swhlk_t;
int __key_t;

int __daddr_t;




rEX P
®4l o
ké

2\ ImiERGC RIS

OF LIRS > )L A

1) {&F
1€, cp

IR ZRIE

2) {&

/— ——

- xBHIHAREIEEN T BHITL
n-output$g B N FAL IR 15 21 B9 31

J-ST AR AL 2R AL,

Elcl

Ris

gcc -X cpp-output -S -0 gcctest.s gectest.cpp

Ot Al LA E =4 1E 2L 4w RS

gcc -S gcctest.c




EFV FRG
emacs - testsse.s
root @J stc-38fadca7df dir ] # gcc -x g File Edit Options Buffers Tools Help

file "testsse .o

root@stc-38fadca7df dir]# Is section rodata

gstsse.c tEStESE-Cpp testsse.s
root@stc-38fadca7df dirl# ||

.string "Hello S5E"

.string "i=J+l=Xdsn"
text
.2lobl main
.tupe maln, Efunction
malm:
leal 4(%espl, Hecx
File Edit Options Buffers Tools C andl $-16, ¥esp
//testsse.c pushl -4 %ecx)
pushl webp
#include <{stdio.h> mose 1 %esp, %ebp
) ) pushl HECK
int main() subl 36, Xesp
4 ) . mow 1 30, -1Z(%ebp)
;:S_l’J’ movl  §0, -8(%ebp)
j:O; mow 1 —-&(%ebp), %eax
i=j+1; addl $1, %eax
printf({"Hello S5E"); mow 1 heax, —1Z(%ebp)
primtf( i j+l=gdnt, i) ; mow 1 $.LCO, (%esp)
call printf
mow 1 -1Z{¥%ebp), %eax
mow 1 neax, 4iXesp)
mow 1 $.LCL, (¥esp)

——:—— testsse.s 11 [ 0.1 [fssembler)——-L1--C0O
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L AL > B RS

gcc —x assembler —c gcctest.s

O 5 %4 1%F R B ARfCAS

gcc —c gcctest.c

O A Cdmas £ i B A

as —o gcctest.o gectest.s




donger@donger gcctest]
gcctest.c  gcctest.s

| donger@donger gcctest]
| donger@donger gcctest]

| donger@donger gcctest

= 1s

o gcc —XxX assembler —c gcctest.s
= 1s

gcctest.c gcctest.o gCEtCEt.E

s

gcclest.c

gcctest.c  gectest.o
'donger@donger gcctest

| donger@donger gcctest]

s 1s

;dﬂngcr@dmngcr gcctest)
donger@donger gcctest

1s i

> 1s

| donger@donger gcctest)
gcctest.c gcctest.s

| donger@donger gcctest]
| donger@donger gcctest

| donger@donger gcctest]

1S 1s
gcctest.c gcctest.o gcctest.s

s 1s

3 as —o gcctest.o gcctest.s

s 1
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testsse.o

[root@stc-38fadca7df dir]# objdunp -d testsse.o

DUItraEdit testsse.o: file format el f32-i386

Disassenbly of section .text:
testsse.o X
0000000 <mmin>:
8d 4c 24 04 0x4 (%esp) ,%cx
83 e4 {0 Soxfffffff0,%esp
fft 71 fc Oxfffffffc(%ecx)
55 %ebp
89 e5 Yesp ., %ebp
51 %€ cx
83 $0x24 ,%sp
c7 $0x0,0xfffffffd(%ebp)
c7 $0x0,0xfffffff8(%ebp)
; 8b Oxfffffff8(%bp),%eax
IEIIEI E E 0 00 IEIEI oo IEHEI : 83 $0x1, % ax
89 Yeax,0xfffffffd(%ebp)
c7 $0x0, (Yesp)

D b.d : e8 30 <main+0x30>
O J I I l : 8b Oxfffffff4(%bp),%eax

89 Yeax,0x4 (%esp)

01 oo oo

1
4

[z IS i

c7 $0xa, (Yesp)

e8 43 <main+0x43>
83 $0x24 ,%sp

59 Yecx




IR TE RTINS

OB RS> 1T

gcc —0 gcctest gectest.o

OB =4 TS

gcc —0 gcctest gectest.c
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donger@donger gcctest]|$ 1s
gcctest.c  gectest.o
dﬂngcr@dﬂnger gcctcst s gcc —0 gcctest goctest.o

dnnger@dﬂngcr gcctest|S 1s
gcctest gcctest.c geoctest.o _

|donger@donger gcctest]|$ |

| donger@donger gcctest]|$ 1s
gcctest.c
[ donger@donger gcctest|$ gcc —o gectest gectest.c

| donger@donger gcctest]|$ 1s _
gcctest gcctest.c
[donger@donger gcctest]$ ||




i TEIN

f testsse: file format elf22-iZB26

testsse.0 V.S. testsse  [eeemrn-

F 02048280 < _dmite:

8048zE50: &5 rush tebp
[root@stc-38fadca7df dir]# objdunp -d testsse.o BO48Z51: 383 el mow tesp, sebp

8048253: 83 ec 08 suhb s0x8, %esp

8048256 =8 79 00 00 OO0 call S0452d4 =call gmon_ starts

. : : 20482L5b: =8 00 O1 00 0O 11 2042360 =f d =

testsse.o: file format elf32-i386 = ea rEmE_sunny

g048760: =8 fb 01 00 OO0 call 2042460 = do_global ctors_asuxs

S048z2658: B leave

S048z2686: 3 ret

Disassenbly of section .text: Disassembly of section .ple:

0204232b0 <_start>:

00000000 <main>:

80482k0: 31 ed HOY tebp, %ebp
8d 4c 24 04 0x4 (%esp),%ecx BO48ZhZ- Se pop sesi
80487k3: 89 el mow t(esp,fecx
83 e4 {0 SOxfffffff0, % esp 50482b5: 83 =4 £0 and $OXEEEL££E0,5esp
ff 71 fc oxfffffffc(%ecx) B0adzha: o0 push  %eax
20487059 54 push tesp
55 %ebp g0482ba: &2 push  %edx
- & g0482bb: 68 el 83 04 08 push  $0x80483a0
89 e5 asp . Yebp g048Zc0: 68 f0 83 04 08 push  $0x804232£0
51 %ecx g0482cE5: Bl push jacx
, 8048z2c6: BB rush tesi
83 $0x24, Y%esp B048Z07: 68 24 83 04 08 push  $0x8048384
C7 SO XO 4 OXf f f f f f | 4 ( O/tebp) 80482cc: &8 b7 ff ff ff call 804582588 <_ lihec_start_mainfplts
g0482d1l: f4 hlt
c7 $0x0,0xfffffff8(%tvpR) g048242: 90 nop

p p 20482d3: 90
8b Oxfffffff8(%ebp),%eax N nep
83 $0x1 ,Yeax i “main=:
. ;. S0483284: 24 4c 24 04 lea Oxdi%esph,%ecx
o/ o/, 14
89 reax, Oxtffffffa(%ebp) " 204838%: 23 =4 0 and $OxfEEE££E0, %asp
c7 $0x0, (%esp) i =04838k: £f 71 fo pushl Oxfffffffoitecy)
. 7 =04838e: EE push  %ebp
e8 30 <main+0x30> i 504838f: 89 e5 wotw tesp, tebp
8b Oxfffffff4(%ebp), % ax § 5048331: 51 push  #ecx
: L 804339Z: 83 ec Z4 sub $0xEd, fesp
89 Yeax,0x4 (%esp) ©  ©048395: <7 45 £4 00 00 00 00 wmowl  $0x0,DxfffEf£f4{tebp)
i o7 \ ¢ B04839c: o7 45 £8 00 00 00 00 mowl  $0x0,0xfff££f££8 (%ebp)
7 X o/ '

¢ SO s ( IQSp’) " 80483a3: 5b 45 f2 wow Oxffffffif(%ebp) , $eax
e8 43 <main+0x43> F 20433a6: 83 c0 01 add $0xl,%eax

7 S80483a%: 859 45 id now jeax, Oxfffffiffd (3ebp)

o/ r

83 $0x24, %esp i S0483ac: o7 04 24 b0 84 04 08 wmowl  #0x50484b0, (tesp)
59 %e CX I 20483k3: a8 el fe ff ff call 8045293 <printf@plts

I 20483kE: Sh 45 f4 mow OxffEffffd (kehp), beax

L 30483kh: 82 44 Z4 04 WMot (eax,0xdi(iespl

£

G0433bf: o7 04 24 ba 84 04 053 movl F0x30434ba, (fasp)
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OFZFR%mIE->HITiHIE
1\ Tﬁ&\iﬂ
2\ HRERCC RIS
3.\ JC#mpk BER{KHES
Yol s b
4., ¥R —x assembler; . 4 % a
-X cpp-output a.S ﬂ
} a.cpp ﬂ
-S

a.C
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O-Wall: FTARBHNESER

|donger@donger gcctest|$ 1s
gcctest.c

|donger@donger gcctest|$ gcc —Wall —o gcctest gcctest.c
gcctest.c: TEEREL ‘main’ .
gectest.c:13: B HHERB{EREREF, BHIRERAREE

[donger@donger gcctest]S |
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//gcctest.c

Finclude <stdio.h=

int main() _
{

int 1,Js

1=0;

J=0:

i=3+1:

printf("Hello World!\n"):
printf ("i=j+1=%d\n",1i) :

| e R R E
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//ecctest.c

donger@donger gcctest|$ 1s

#include <stdio.h> [gcctest.c _
donger@donger gcctest|s gcc —Wall

: : —0 gcctest gectest.c

{”1 main () donger@donger gcctest]$ 1s
| o gcctest gcctlest.cC
int 1,9 'donger@donger gcctest]$ |
1=0;
J=0:
i=4+1;

printf ("Hello World!\n") :
printf ("i=j+1=%d\n",1i) :
return G;I
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O R iER A
v'-00
REFIL, ML
v-01 |
v-02 | AHEERK
v-03 '’
VEE
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& r(PEP

//mytest.c

[donger@donger gcctest]$ 1s
Finclude <stdio.h= gcctest.c mytest.c
Zinclude <math.h= [donger@donger gcctest]$ gcc f00\-0 m0 mytest,
[donger@donger gcctest]$ gcc[-01 bo ml mytest.
o i [donger@donger gcctest]$ gcc |02 o m2 mytest.
1Nt Inaljl() [donger@donger gcctest]$ gce V03 /-0 m3 mytest.
{ [donger@donger gcctest]$ 1s
.'”1_ i,d: gcctest.c mU ml m<d md mytest.c
ouble 11 k1 ikz k3: [dcnger@dmnger gcctcst]S I
L—G.G, k1=k2=k3=1.0:
For (1=031<50000;i++)
%u (4=0:4<50000: j++)
k+=k1+k2+k3:
k1l += 0.5:
k2 += 0.2:
k3 = k1+k2:
\ k3 = 0.1:
return GI

eSS
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[donger@donger gcctest|$ 1s
gcctest.c mU ml mZ md mytest.c
[donger@donger gcctest]$ time ./m3

real Om2 ., 756s
user Omz ,658s
5VS OmO ., 042s

[donger@donger gcctest]$ time ./m2

real OmZ,733s
user Omz . 643s
SVS OmO.037s
[donger@donger gcctest]$ time ./ml

real Oml.829s
user Oml.767
SVS OmO . 022s
[donger@donger gcctest]$ time ./mO

real Om4 0, 808s
user Om39.632s
SVS OmQ.337s
[donger@donger gcctest]S |}




GNU tools

OGNU toolsFnE b — L FF A IR IR A AT L
e m FIARBHHLTHE. AT

FIFNHAERBRANRSG, SEZABNT—

LE 2R 1

vGCC

v Binutils—5gBIGCCRI = E 4

v'Gdb

v'make

v'CcVS




—. GNU bi

Inutils

GCCHYZ

Dbinutils;e—éﬂ_i_%ll__; TrEE, 2N

FEHH, eFEEHE

1.addr2line L2 FE bl iR AT HEZ 1TSS,

17

EMSERX N HITCEHREIRE RS
S il FEWN ST EUEITE.

2.ar ALy 1208, REVAEMH. FEXHRE

LE— Mt Fn—NA TSR,

Hi7E

BEEZIMNNHERABTH—NANH, HEMFRIET
A AR BRI HERR
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3. as EGNULLCwzs, FERHXHmEGNU ChiE
segcckan b FC 431, 45 LR A AL R
:‘#%Mtﬂ ‘ ﬁﬁﬂl?lJ—/\objectIﬁI“, 1Z
X 1R EESIdERE
4. C++iltf#iEC++F 58, EEssEAEXRTIE
C++ F0 Java =, IZEJJ:E_%ZEV;& Iz,
5. gprof BREZFERHENEHEER
6. Id 2iEker, EIL—L ﬁﬂEﬁI#é
—i, EEMEE, %Ji??:?‘f%%l , E‘é@ﬁ/
R—NATHITSC . B, By — A HEiEe
FHsRF— 5')574—:1” ild .

&l

H.




7. nm FEH B HFRRITS

8. objcopyiB—MBEFRXHFHRNETEFHIE] F—

FEBRIR H RS
9. objdump BR—1MHEES

X HHER.

ERIEDCRIZHE R RHER. ERMZRENE
REERBREmFLENATR /\fﬁ_i

10.ranlib FEVAEIHZE5],

gt

LRFRIX

VARSI HF . ERIIPHIE TSRS

P E XA E 2B B AR

11.readelf BRelftENAIHITCEHRER.



12.size 3| B XX B —ERX/NAR SRR

e BUIABAT, T Et/l\ PR E—T
VAE PRI TMRR R R E— 1T

13.strings ?TEI]%/\I#EI’J_HTED?—??% IX LE
FHERRDANZESIK, WATLUERERIN-n%
E?FFE:E,JE_J 'klg EjU'AI /R_F lS/\:.l:TEﬂ

PRI IR AN AT InE B P RY BT FTED =255 ;

STFHERBE X HEITENEAN S HAY B[ FTED

F5, ZTMMEFST TREXAZHHNASIR

BEE.

14.strip EF B HFH SIS EFEM S
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15. libiberty B2 1F 2 GNUIZFE < FHE|RV R 2,
XLEEFERAB: getopt, obstack, strerror, strtol
A0 strtoul.

16.libbfd —i# I3z H-EA E.

17.libopcodes F>kAtIBopcodeshIFE, TEE A —
Lt REEFR R SREIE, tt!lﬂobjcump
Opcodes@ M A AIIZH A IR 1R1EIE S
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OGdb—ifFit 25

OGNU make——##&ITiET A
Odiff, patch——%}T TR
OCVS— — IR A= HI R4t

SF (LinndRERFDIT) FE=EPFRI GNU Tools
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OFZFR%mIE->HITiHIE
1\ Tﬁ&\iﬂ
2\ HRERCC RIS
3.\ JC#mpk BER{KHES
Yol s b
4., ¥R —x assembler; . 4 % a
-X cpp-output a.S ﬂ
} a.cpp ﬂ
-S

a.C
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Makefile (~/Desktop/dir) - gedit

s IROD ZEDy FER

RIS NEN RN

Hilld  Ei B

[] Makefile x

testsse: testsse. o
gcc -0 testsse testsse.o

testsse.o: testsse.s fﬁ
gcc -x assembler -c testsse. s * 2JN

testsse. s: testsse.cbp
gcc -x cpp-output -5 -o testsse.s testsse.cpp

testsse.cpp: testsse.c
gcc -E -o testsse.cpp testsse.c

clean:
rm - testsse *,.0 * 5 ¥ cpp
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[root@ost-c-236 dir]# Is
Makefile testsse.c
[root@nost-c-236 dir]# make
-E -0 testsse.cpp tesisse.c
-X cpp-oufput -5 -0 testsse.s testsse.cpp
-¥x assenbler -c testsse.s
-0 testsse testsse.o
[root@ost-c-236 dir]# Is
Makefile testsse.c tiesisse.cpp 1iesisse.o0 tiestsse.s
[root@ost-c-236 dir]# ./testsse : -
Hello SSEi=+1=1 P AT
[root@ost-c-236 dir]# make clean ;:;?:zbiﬁﬁiﬁ
4

T.0 7.8t L% A B R

rm -f testsse .8 ".cpp

[root@ost-c-236 dir]|# Is
Makefile testsse.c
[root@ost-c-236 dir]#

—x assembler
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—4 "BRT BT

7 add. | w <
int add(int a, int b); #include =stdio.h=
fiﬂilifi_ffrDDtKDESKtDPKdirFaddIh}
\ int main()
{

=—T=1 T 1;
T i=add(j, 1); >
CprInTTTTTT—

printf("i=j+1=%d\n",1i);
}

int add(int a, int b)

!

int c;
c=a+th;
return c;
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Makefile

[ ] Makefile x \{j makefile x ‘{jte&tsse.c

CC = gcc -01 -Wall

testsse: testsse.o add. o >g/|\2{q:

H(CC) -0 testsse testsse.o add.o

University of Science and Technology of China

— EX

testsse.o: testsse.c
HICC) -Cc testsse.cC

add.o: add.c add.h
HICC) -c add.c
clean:
rm -T testsse *.0 *.5 ¥ cpp
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[root@nost-c-236 dir]# Is

add.c add.h Makefile testsse.c

[root@ost-c-236 dir]# make

gce -O -VWall -c testsse.c

testsse.c: In function '‘main’:

testsse.c:15: H & : THEBE{HEMEE T, &HHEE L EEER
-¢ add.c

gece -O1 -Wall -o testsse testsse.o add.o

[root@ost-c-236 dir]# Is

add.c add.h add.o MNakefile testsse.c testsse.o

[root@ost-c-236 dir]# ./testsse

Hello SSEi=j+1=1

[root@ost-c-236 dir]#

EGCCSHRSE (RiF) B, XHBRSHRABY
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O—E &R, 100WKIES
v'50W addl +25W cmp + 25W JLE
m =Y EN:
v INEEIAFE100W EiES
 50W addl +25W cmp + 25W JLE
vVINETEIAE 2500 1545
« 500addl+500cmp+500JLE+500movI+500JMP

05152 CPIAX
Tepy =CPI X ICx T
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BEH (L33
OLIGCCAH, K2 AIESH.
nmﬂﬁﬂ GCCHIR R < 8|80 X 7l FEMFLE /5 E
O8TSEIAKRE, £MIESHFS, HERBNITHE
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“The more we study, the more we discover
our ignorance.”

by Percy Bysshe Shelley



